We aimed to research the superiority of insulin infusion and triglyceride apheresis for the treatment of hypertriglyceridemia-induced acute pancreatitis (HIAP). Patients and methods: In this retrospective, single-center cohort study, demographic data, clinical and biochemical parameters of HIAP were retrieved from the medical record database. The clinical data of 12 patients with HIAP were retrospectively analyzed. Results: The indication and timing of intervention and which treatment modality in HIAP is most efficacious remains unclear. We want to highlight our experience that seems to be equal therapeutic potential of both options. Conclusion: In treatment of HIAP, comorbidities should be taken into consideration and treatment should be personalized. More studies are needed to help define the best treatment option for HIAP.
Hypertriglyceridemia (HTG) causes acute pancreatitis (AP) in 1.3-3.8% of the patients. [1] Hypertriglyceridemia is the most common etiology of AP next to alcohol and gallstone-induced disease. [1, 2] Moreover, HTG was listed as causative in 56% of cases with gestational pancreatitis. [3] It is generally believed that the risk of acute pancreatitis increases in patients with severe HTG [a triglyceride (TG) level of more than 1000 mg/dL]. Although the mechanism of hypertriglyceridemia-induced acute pancreatitis (HIAP) is not clear, hydrolysis of TGs in and around the pancreas by pancreatic lipase seeping out of the acinar cells leads to accumulation of free fatty acids (FFAs) in high concentrations. Free fatty acids are toxic and destroys acinar cells and capillary endothelium. Moreover, an increased concentration of chylomicrons causes capillary plugging, ischemia, and acidosis. Free fatty acid in acidosis activate trypsinogen and initiate acute edematous and necrotizing pancreatitis. Interestingly, beyond the apparent significance of a TG threshold level to initiate AP, the severity of HIAP does not seem to correlate directly with TG level. Although the patient is undergoing treatment, the clinician should investigate the etiology of the HTG, such as reviewing patient medications, medical history, or obtaining a detailed family history looking for familial hyperlipidemias. Frederickson classification I, IV, and V dyslipidemias are associated with severe HTG and predisposition for AP. [4] Type IV, known as familial HTG or familial combined hyperlipidemia, is autosomal dominant and presents in adulthood. Hypertriglyceridemiainduced acute pancreatitis occurs often in untreated or uncontrolled diabetes. [1, 2, 5] In type I diabetes the absence of insulin reduces the ability of lipoprotein lipase to reduce TG subversion into fatty acids, resulting in elevated TG levels [6] In type II diabetes, insulin resistance leads to enhanced production and reduced clearance of TG. [7] Diabetic ketoacidosis may pose a separate risk for HTG. The role of alcohol in HTG is unclear but may be attributed to alcohol competing with free fatty acids for oxidation, leaving more free fatty acids available for TG synthesis. [5] In addition, hypothyroidism, medications (i.e estrogen, protease inhibitors, olanzapine, mirtazapine, isotretinoin) are known to raise the serum TG level.
Multiple treatment modalities have been suggested in the management of HIAP. Hypertriglyceridemia-induced acute pancreatitis has been treated with infusions of insulin and/or heparin to enhance lipoprotein lipase activity, and apheresis to remove TG. To date, no randomized trials have compared the efficacy of insulin and heparin to apheresis for the treatment of HIAP. There are no definitive guidelines for severe HIAP therapy. However, maintenance of TG levels below 500 mg/dL has been seen in multiple case series to expedite clinical improvement. [2] Since patients with HIAP need therapeutic strategies aimed at rapidly reducing serum TG levels, we have retrospectively reviewed the cases hospitalized with the diagnosis of HIAP that were successfully treated by either insulin and TG apheresis.
PATIENTS AND METHODS
This retrospective study comprised of 12 patients (8 males, 4 females; mean 41.58 years; range 33 to 54 years) admitted to ‹zmir Tepecik Training and Research Hospital with hyperlipidemic pancreatitis and who were treated besides the usual treatment of AP with either insulin infusion and TG apheresis between January 1 st 2012 and December 31 st 2014. In addition to serum TG concentrations >1,000 mg/dL, at the time of admission to the emergency department the patients were enrolled in this retrospective study who fulfilled clinical (suggestive abdominal pain), analytical (elevated serum amylase and lipase or urine amylase three times the upper limit of normal) and radiological (abdominal CT) criteria of acute pancreatitis. We gathered information on demographic data, a family history of dyslipidemia, and a personal history of dyslipidemia, medical treatment of dyslipidemia, diabetes, hypertension, previous episodes of pancreatitis, alcohol consumption, and smoking, as well as biochemical and hematological data. The patients were classified for severity according to their Ranson criteria and Balthazar score. Insulin was administered intravenously in continuous infusion of 0.1-0.3 U/kg per hour with titration as required or we used a Liposorber ® D DL-75 column with a Kaneka MA-03 machine (Kaneka Corporation, Osaka, Japan). DL-75 is a whole blood adsorption filter and part of the Liposorber ® D system for TG apheresis. The patients' medical records were retrospectively evaluated in this study.
RESULTS
Since, 12 patients were eligible for inclusion, the clinical (Balthazar score, Ranson criteria), demographical data, serum TG levels and history of various comorbidities of 12 patients with HIAP were summarized in Table 1 . A retrospective analysis of 12 cases of HIAP in the Department of Internal Medicine in our hospital during January 1 st 2012 and December 31 st 2014 was performed; the clinical treatment features were analyzed in terms of treatment options, length of stay in hospital and Ranson score. Non of the patients enrolled in the study had a past medical history of alcohol and familial hyperlipidemia. The serum TG levels ranged from 1,035 mg/dL to 2,381 mg/dL, with a mean of 1,701.4 mg/dL Treatment approach in our hypertriglyceridemia induced acute pancreatitis patients (Table 1) . Mean hospital stay of the patients and TG levels at the discharge were evaluated. Mean hospital stay of the patients was 7.8 days (ranged from 5 days to 12 days). Interpretation of the results showed insulin was administered in diabetic patients (n=6) and TG apheresis was performed in the other patients (n=6). The types of treatment performed and TG levels at the discharge were summarized in Table 1 . We had six patients with a Baltazar grade 4 score. Among these six patients with a Baltazar grade 4 (D) score, four of them were in apheresis, two of them were in insulin infusion group. Triglyceride reduction ratios were evaluated. Mean TG reduction ratios were 84.55% and 81.78% in the insulin infusion and apheresis group, respectively (p>0.05). Triglyceride reduction ratios were also evaluated in terms of Ranson criteria. Triglyceride reduction ratios were 81.38% and 83.43% in patients with Ranson score 1 and in patients with Ranson score 2, respectively. Mean TG reduction ratios were 82.21% and 82.60% in the insulin infusion and apheresis group, respectively (p>0.05) without considering Balthazar score, Ranson criteria. There was no statistical difference between the two groups (insulin and apheresis) in terms of mean hospital stay, short-term mortality and morbidity.
DISCUSSION
Hypertriglyceridemia-induced acute pancreatitis often presents in uncontrolled diabetics, [1, 2] insulin can both enhance lipoprotein lipase activity and manage hyperglycemia. [8] However, insulin is not limited to HIAP in diabetics, and has successfully treated non-diabetics with HIAP. [9, 10] Intravenous insulin may be more effective than subcutaneous insulin in severe cases of HIAP given the potential limitations of absorption with the subcutaneous route. Intravenous insulin may be given as a continuous infusion starting with 0.1-0.3 U/kg per hour with titration as required.
Apheresis for HTG treatment was first reported in 1978. [11] Since then many case reports and series have utilized apheresis for HTG. [12, 13] Apheresis may also confer an additional benefit by allowing removal of proteases associated with AP or hypothetically an infusion of protease inhibitors. [14] However, Leese et al. [15] infused fresh frozen plasma into 72 patients with AP in an attempt to replenish proteins in the anti-protease system, but found no improvement in clinical outcome.
In a study by Chen et al., [16] patients with HIAP were studied before and after apheresis was available at their hospital. Here, 34 patients were in the first group, when plasmapheresis was not available, and 20 patients were in the second group, when plasmapheresis was available. Comparison of the two groups showed no statistical difference in mortality or complications, leading to the conclusion that apheresis had little benefit on overall mortality and morbidity. Even when patients with severe HIAP (Ranson ≥3) were analyzed separately, apheresis did not improve overall rates of mortality or complications. The lack of benefit was attributed to a delay in the initiation of apheresis in this study. Establishment of indications for apheresis and guidelines for its Patients with HIAP need to be hospitalized and treated with insulin infusion or therapeutic apheresis (Figure 1 ). Our series provides data on 12 consecutive patients who underwent either TG apheresis and insulin infusion due to acute pancreatitis and severe HTG. Other authors did not find a clear association between the use of TG apheresis and either improvement length of stay in overall hospital length of stay or in the prevention of complications secondary to pancreatitis. [17] Furthermore, differences in morbidity and mortality were not found between patients with HIAP treated with plasma exchange and conventionally like our study. [18] 
Conclusion
Hypertriglyceridemic acute pancreatitis can be treated with TG apheresis, with very few adverse effects. As the indication for TG apheresis is not supported by randomized clinical trials, multicenter studies are needed in order to provide a sufficient sample size and in which the patients are randomized to receive either conventional treatment or TG apheresis. This will enable determination of the benefits in terms of short and long-term mortality and morbidity derived from the procedure. Figure 1 . Proposed approach to hypertriglyceridemic pancreatitis. AP: Acute pancreatitis.
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